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SYiropsis 


Memory switching has been observed in the surface 
layers of Ma20-B20^-Bi20^-Si02 glasses which have been 

4 - 

subjected to ffa Ag ion exchange followed by reduction 
treatment in hydrogen. Some of the glasses showed a tendency 
to crystallise on preparation. It was proposed to find 
exactly what role crystallisation played in the switching 
of the glass. In order to do this resistivity character- 
■istics of the bulk parent glass and crystallised glasses 
were studied. The crystalline phase precipitated was 
identified by X-ray methods. The electrical properties of 
the crystalline phase were studied, by synthetically 
preparing the ceramic sample in the lab. The crystalline 
phase itself ahowed switching at a lower level of resistance 
but of the same order of magnitude as the parent glass. 

Low temperature measurements on the sample showed a 
metallic behavioxir when the sample was in the OH-state . 



CHAPTER I 


INTRODUCTION 


1 . 1 Amorphous Semiconductor Materials 

The standard glasses we meet in everyday life are 
based rnnstly on silicon oxide, boric oxide or lead oxide. 
Such glasses generally conduct by ion movement,' and have no 
relevance to our work. Our interest is shared between two 
classes of amorphous materials, the amorphous form of the 
standard semiconductors like Ge and Si, and certain glasses 
which have semiconducting properties . 

The interest in amorphous Ge, Si and III-V 
compounds arises because we hope that we can learn something 
about .the physics of the amorphous state by similarities 
between and differences from the properties of single 
crystals of the same materials . This process of extrapola- 
tion has had a limited success, but it is difficult to get 
data which is truly representative of amorphous semicondu- 
ctors because the properties depend markedly on the method 
of preparation. Selenium is perhaps the one amorphous 
semiconductor which can be readily studied in both 
amorphous and crystalline form and indeed has device 
application in both forms, amorphous Se being used in 
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Xerography and crystalline Se for photocells . G-lassy 
selenium is readily denitrified by heating but its stability 
is improved by the addition of either As or G'e . The effect 
is however reversed if the properties exceeds 60 % or the Ge 
proportion 30%. These binary systems are true semiconductor 
glasses, and have many points in common with the more 
complex systems which are now the object of detailed study 
because of their device potential. Hundreds of combination 
of over 20 elements have semiconducting properties, but 
most promise appears to be shown by glasses based on 
elements from the Vlth group the chalcogenide glasses . 

Though the chalcogenides are thoTight by most 
laboratories to have the greatest device possibility, they 
do have the disadvantage of low maximum temperatuie of 
device operation. There is, therefore, some interest in 
glasses made with different glasses formers and of these 
the metal oxides have received most attention. Among these 
are iron phosphates, copper phosphates and vanadium 
phosphates . Vanadium oxide alone can be prepared as a 
glass, and in addition can be mixed with tellunium oxide 
or barium oxide. The chemistry of the oxide systems is 
more complex than that of the chalcogenides . Ions can 
exist in several valence states, and the thermal 
treatments and melt atmosphere must be controlled 
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accurately to achiere reproducible glasses . 

The more complex chalcogenide and oxide glasses 
are difficult to prepare as homogeneous uniform materials . 
Often there is a two-phase structure, and sometimes one of 
the phases is crystalline. Some glasses show a sub- 
structure of tiny drops a micron or so in diameter. It is 
not then sufficient to know the composition of the glass 
under examination — one must also know the degree of 
crystallinity and homogeneity. 

1 .2 Semiconducting Properties 

Glasses hawe a high resistivity compared with the 

standard semiconductors. At room temperature the resisti- 

1 6 

vity can be as high as' 10 ohm-cm. For As 2 S^ or as low 
as 100 ohm-cm for GeTe. Small quantities of impurity have 
little effect on the conductivity of most amorphous 
materials . It is likely that impurity here does not create 
jmpurity levels but reduces disorder in the glass. 

All glasses show an increase in conductivity with 
temperature, and in chalcogenides there is a simple 
exponential variation with l/T for an appreciable 
temperature range near room temperature. The behaviour 
has some similarities to an intrinsic semiconductor. 

In some other amorphous materials there are two or three 
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activation energies over a temperature range of several 
hundred degrees . 

Motilities are universally low, and often it is 
difficult to establish even the sign of the Hall coefficient. 
Where it can be measured, it is negative, on the other 
hand the thermo-electric power is nearly always positive. 

G-lasses are non-ohmic . The current increases more 
rapidly than the field for fields greater than 10^ volts/ 
cm. There is the possibility, at least in thin films, of 
electrode effects, giving carrier injection, space-charge 
growth to finally space-charge limited currents . In many 
experiments electrode effects are eliminated but large non- 
ohmic effects are still observed. It is generally accepted 
that these effects are due to Poole -Frenkel mechanism, a 
lowering of a coulombic barrier by the electric field. 

The field P lowers the ionisation energy of the centre by 

'Z 

2 PevK. This amount of barrier reduction would occur in 
the absence of tunneling . At low temperatures tunnel 
currents will give an additional field dependent contri- 
bution. 

1 .5 Band Model 

In the past three years there has been a 
coalescence of views on the band structure of amorphous 
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semiconductors. Different authors however arrive at similar 
end-points after following a variety of paths. We consider 
here the 3 main paths. Cohen, Dritzsche and Oveshinslcy (l) 
develop their model by considering an imperfect crystal as 
an intermediate state between the perfect crystal and the 
disordered solid. For a perfect crystal the density of 
states has hand edges v/hich are sharp, square root singu- 
larities within the bands, and distinct energy separations 
between the upper boundary of one band and the lower 
boundary of the next band. Each localised imperfection 
which gives a large change in crystal potential creates 
a localised bound state in the gap between the two bands. 
Additional imperfections give extra bound states, and if 
there are a large number of imperfections the bound states 
become a subsidiary band within the energy gap. The 
square root singularities within the main bands are by now 
rounded off, but the sharp edges remain. As the crystal 
perfection decreases, still more the subsidiary bands 
within the enengj”- gap merge with the main bands, giving 
tails of localised states continuous with the band of 
extended states. This could well represent the band 
structure of amorphous germanium. A more complex 
material, such as a chalcogenide , can show compositional 
disorder as well as struct-ural disorder. The tail states 
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V7ill now be more pronoimced, and the upper energy tail from 
one band may overlap with the lower energy tail of the next 
band giving localised states throughout the 'forbidden gap' , 
The Permi level will be within the region of overlap, and 
the valence band states above the Permi level will empty 
and operate as electron traps. Similarly the conduction 
band states below the Perm! level will become hole traps. 
This is shown in Pig. 1.1. 

Though there are now allowed states at all 
energies, the nature of the states changes with energy. A 
carrier in the localised states moves by phonon-assisted 
hopping and its mobility is therefore low. In the extended 
states the carriers will be subjected to a number of 
scattering processes but their mobility will be 2 or 3 
orders of magnitude greater. The mobility is therefore a 
function of energy, showing a steep change at energies 
corresponding to the previous condhdtion and valence band 
edges. A valence band gap therefore replaces the density 
of states gap, as sho?/n in Pig. 1.2. Purther references on 
this topic are Ref. (2-6 ), 

1 .4 Electronic Conduction of Oxide G-lasses 

In 1957, Baynton et al (7) fixrsi: reported that 
a family of glasses based on ^2^5 ^2*^5 
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semiconducting rather than ionically conducting. Some 

years later, "because of the need of semiconductors with 

1 2 

fairly high electrical resistivity (e.g. 10 ohm cm a-t 
20°C) that are easily fabricated into intricate shapes, 
these semiconducting glasses were actively studied. 

That long range ord'er is not a prerequisite for 
metallic conduction is easily demonstrated from the 
observed electrical properties of liquid metals . Por 
an n~type semiconductor the electrical conductivity increases 
gradually as the crystal is heated, and no sharp variation 
is obseived v^-hen melting occurs (8). It appears that 
long-range order is also not a prerequisite for electronic 
conduction in semiconducting oxides. 

The conductivity of all semiconducting glasses 
studied so far increases with increasing temperature . Prom 
room temperature to near the glass-transition temperatures 
the simple expression 

o = cy^ exp(- 

apparently holds. The activation energy E is usually 
much less than the band-gap energy of the particular 
crystalline transition metal oxide used in the glass. 
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Theoretical treatments by Mott (9) and Austin and Mott (10) 
have been successful in explaining the qualitative temper- 
ature dependence .of conductivity of semiconducting oxide 
glasses at low temperatures. Mott considers the mechanism 
of conduction in these glasses to be similar to that for 
impurity conduction in doped and compensated crystalline 
semiconductors at low temperatures,example in germanium. In 
germanium the predominant activation energy. controls 

the process of electron tunneling between occupied and 
empty donors. In polar oxides where an extra electron can 
cause distortion around a charge center, an additional 
activation energy Ejj must bo considered. 

(Ejj — Miller-Abraham activation energy 
Ep ~ polaron-hopping activation energy) 

Ep is more important in oxide glasses. Mott proposed that 
electronic conductivity shoixld be described by 

2 

a = -i5C(1 - 0) ^ exp(-2pR) exp(- 

where Y/ = — + Y/p 

C, (1-C) are the concentration of ions in the two 
valence states respectively 
X5 is the phonon frequency 
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P is the rate of decay of a wave function 
E is the mean 'distance between the ions. 

It was predicted by Mott that W tends to zero as T appro- 
aches zero, thus giving a. decreasing slope of the In cr 
versus l/T plot . 

1 .5 Ionic Conductivity of .Oxide Glasses 

The motion of alkali ions, in particular sodium 
ions, is by far the most important mechanism of ionic 
conductivity in oxide glasses (Stevel's model). 

For most oxide glasses, over a fairly wide 
temperature range, the electrical resistivity is 
described by the Rasch-Hinrichsen relation. 

log ^ = A + I 

where A and B are constants . However in the presence of 
fairly small amounts of transition metal-oxides, electronic 
conductivity predominates 

1 .6 Glass Switches 

Ovshinsky (12,13) observed sv/itching in amorphous 
semiconductors for the first time in the Te-As-Si-Ge 
system. Two main types of glass switch, with 
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characteristics illustrated in Pig. 1.3 are the threshold 
switch and the memory switch sometimes called monostahle 
and "bistable switches respectively. The threshold switch 
shovre a high resistance at voltages below a critical 
value Ytj\ > a-t which it changes to a conducting state . This 
threshold voltage is almost proportional to electrode 
separation, but varies with glass composition. 

The memory switch similarly has a resistance 
state and a threshold voltage, but the conducting state is 
maintained even when the bias is removed. The device is 
returned to the high resistance state by the passage of a 
short high current pulse . Both threshold and memory 
SY/itches have symmetrical current-voltage characteristics 
which are shown in figures 1.3a and 1.3b respectively. 

1 .7 Mechanisms of Switching 

Two possible explanations for the switching 
behaviour have been given 

(1) thermal mechanism of Pearson, Boer, Kaplan and Adler 

(2) electronic mechanism by Henisch and Pryor. 

1.7*1 Thermal mechanism 

This mechanism (14-19) suggests that the memory 
effect is explanable by a phase change process. The 
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passage of large currents in the OPF state of the switch 
result in enough joule heating to allow phase change to 
occur. If the new phases are crystalline, have high 
conductivity and extend continuously between the electrodes 
then they can fonn a stable conducting path giving rise 
to the ON state. The mechanism of svfitching off can be 
explained as follows. Passage of a critically large 
current pulse in the memory state (Oil) would result in the 
fusion of 'hot-spots' along this path. If the current 
ceased abruptly these fused regions would be quenched to 
the glassy state, then the device would be off due to 
the high resistance. Slow cessation of current flow vrauld 
result in slow cooling of the fi;ised hot-spots with 
re crystallisation to reform the continuous conducting 
path. Thus under these conditions the device would remain 
in the memory state. 

1 . 7.2 Electronic model 

Thid model was proposed by Henish and Pryor (20) 
and Van Roosbroock, The electronic model suggests that 
a double injection space charge processes is taking 
place within the material. A neutral plasma thus 
produced, creates an instability which is propagated 
through the material resulting in a voltage drop across 
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the device and the observed S-shaped negative resistance 
in the sv/itch characteristic. Electronic mechanisms may 
be polar or non-polar to experimental results show that 
both prevail . 

The validity of the above model has however been 
questioned recently by Thomas and Bosnell (21) who have 
studied thin film switches of the Si-Ge-Te-As system. 

1 .8 Switchiiag in Borate Glasses Containing Si^ O^ 

Memory switching has been observed in the surface 
layers of Na20~®2*^3“®^2*^3~^^*^2 which have been 

subjected to Fa"^ Ag"^ ion exchange followed by reduction 

g 

treatment in hydrogen. Switching is from 10 ohm off-state 

’ 7 . 

to 10^ ohm on-state (22). It is proposed to find a 

possible mechanism for this phenomenon. 

The virgin specimens have a micro structure which 

consists of metallic bismuth particles with diameters 

0 

ranging 50 to 250 A. After ion exchange and reduction 

0 

silver particles of maximum diameter 700 A were precipitated 
in the glass matrix. Chakravorty (23) has tentatively 
suggested that switching might occur because of the 
crystallisation process induced in the glass phase between 
the metallic particles. 
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In order to test the validity of this explanation, 
the d.c. behaviour of ]!Ta20-B20^-Bi20^-Si02 glass film ?fas 
studied without subjecting it to any ion exchange and 
reduction treatment. The precipitation of metallic 
silver in the glass matrix was thereby avoided (23) • 
negative resistance regions were obtained in 
these specimens. Hesistance levels of the two states are 
10^ ohm and 3' ohm respectively. These glasses tend to 
crystallise in the temperature range 500-600°C and the 
crystalline phase has a lower resistance than the parent 
glass. The switch off temperature is found to bo close 
to the melting point of metallic bismuth. 

Thus if it is assumed that the on-state is a 
result of the formation of hismuth filaments between the 
conducting islands the switch-off process could be 
explained on the basis of a rupture of the filaments in 
a manner similar to a fuse blowing (23). 

In chalcogenide glasses showing memory action 
switching has been ascribed to crystalline conducting 
phase formation (14-17). Some of the glasses in the 
system Ba20-B20^-Bi20^-Si02 have shown devitrification 
tendencies during preparation (24). Microstructures of 
these glasses have shown the presence of a crystalline 
phase . Precipitation of such a phase could cause memory 
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switching in these glass systems if the crystalline phase 

has a lower value of resistance than the parent glass. 

On the other hand Ghakravorty (22) studying the 

same system has postulated that the switching action is 

due to formation of conducting islands of bismuth in the 

glassy matrix. In the off-state conduction could arise 

from electron hopping between conducting islands of 

bismuth. Micro structures of certain glasses studied have 

shown metallic bismuth particles of varying diameters 
0 

upto 250 A. Y/hich of these two mechanisms actually gives 
rise to switching has to be investigated. 



n(E) 




FIG.1.1 BAND STRUCTURE IN 

(a) ORDERED IMPERFECT CRYSTAL. 

(b) DISORDERED MATERIAL. 




(a) THRESHOLD SWITCHING 



FIG 13 CLASSIFICATION OF SWITCHING CHARACTER- 
ISTIC 
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CHAPTER II 


STATEliaiHT OE THE PROBIEt/I 


It has been established that glasses in the 
systen^HagO-BgO^-Bi^O^-SiOg shov/ memory s?/itching. The 
purpose of this investigation is to study the effect of 
crystallisation of the glasses in order to be able to 
establish some sort of model for the on-state and off- 
state conductivity of the quarternary glass system. The 
five compositions studied are given in Table 3 . 1 * The 
following observations, were made on these glasses. 

(1) Variation of resistivity of those glasses with 
temperature. Both virgin glasses and glasses 
crystallised under heat treatment were studied. 

(2) Study of X-ray diffraction pattern of crystallised 
glasses in order to identify the' crystalline phase . 

(3) Study of X-ray diffraction pattern of the identified 
phase to cross-check results. 

(, ) Variation of resistivity with temperature of this 
phase . 

(5) Differential thermal analysis is studies on the 
glasses . 
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CHAPTER III 

EXPERIMENTAL DETAILS 

3 « 1 Base G-lass Preioaration 

The glasses vvere prepared using reagent grade 
materials. Starting materials were: NagCO^, K^CO^ , SiO^? 
HjBOj, BigO^ . These were mixed carefully in a mortar 
using acetone. The quantities required to give the correct 
mole percent were added. The dry mixture was transferred 
into alumina crucibles and heated in an electrically heated 
furnace with globar rods . Melting temperatures ranged from 
1000°C to 1300°C. After the melting temperature was reached 
the glass was allowed to homogenise for half an hour. The 
molten glass, free from bubbles was poured quickly into 
al-uminium moulds kept at room temperature. It was then 
transferred into another furnace preheated to 500 °C and 
annealed for 5 to 6 hrs. The furnace was then cooled slowly. 
The samples were stored in a dessicator. 

The composition of the different glasses made is 
shown in Table 3*1. One mole percent K 2 O was added in all 
the glasses to reduce the melting temperature. 



17 


Table 3.1° 

Compositions 

(mole %) 

of the 

Glasses 

Studied 

Glass Fo . 

SiO^ 

BgO^ 

Bi^Oj 


K 2 O 

1 

60 

29 

9 

1 

1 

2 

60 

27 

9 

3 

1 

3 

60 

25 

9 

5 

1 

4 

60 

23 

9 

7 

1 

5 

60 

20 

9 

10 

1 


3 .2 OrystallisatiQn of the Glasses 

To crystallise the glasses, virgin glasses were 
heated in an electrically heated furnace. The crystallis- 
ation temperature was carefully controlled . The time of 
the heat treatment was noted . 

3 .3 Specimen Preparation for Resistivity Measurements 

For bulk resistivity measurements, the samples 
were cast into circular discs about 1 cm. in diameter. 
These samples were then polished to reduce the thickness 
to about 1 mm. Both virgin glass samples and crystallised 
glass samples were made, for polishing, silicon- 
carbide powder of different mesh numbers (120, 240, 400, 
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600 and 800) were used. The specimens were then coated 
with gold on both sides. G-old was evaporated onto the glass 
samples imder high vacuum conditions . The samples were then 
mounted in a sample holder, the details of which are 
illustrated in Figure 3.1. 

3 .4 Resistivity Measurements 

Resistivity measurements on all the samples v/ere 
made in the temperature range 100°C to 400°C, The sample 
W8.S mcunted in the sample holder and the entire assembly 
kept in a kanthol v/ire wound furnace. Temperatures were 
carefully controlled using a temperature controller circuit . 
A General Radio Electrometer 1230-A and ECU Picoammeter 
were used to measure current in the circuit . At every 
temperature, the current versus voltage across the specimen 
was measured over a decade of voltage and the sample 
resistance was calculated from the slopes of the linear 
1-1 plots. The schematic diagram for the circuit is shown 
in Figure 3 .2 . 

3.5 Preparation of Samples for X>-Ray Diffraction Studies 

The bulk glass samples were crushed to a fine 
powder. The powder was sieved so that the particle size 


v/as 


53 microns . 
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3 • 6 ResistaxLce Measurements on B i^0^ .3B202; Sample 

The sample was prepared using reagent grade 
chemicals (B 20 ^ as horic acid and Bi^O^ as the oxide ) . 

The chemicals were mixed v;ell together. The sample was 
treated at 150°C and 250°C for two hours each after mixing 
and powdering. It was then powdered till 31 micron and 
pellets vrere made using a pressure of 20,000 psi. The 
sample was treated then at 350°C for 4 hours . The pellets 
were again powdered and sieved to 31 microns. The pellets 
were made again. These were treated at 450° C for 10 hours. 

The pellets were then polished. Using silicon 
carbide powder to about 1 mm thickness . Silver electrodes 
were applied on both sides by painting silver dag (made by 
UPI, India) . Copper wires were fixed on silver electrodes 
using silver cement. To dry the cement the specimen was 
fired in an oven at 100°C to one hour. After the cement 
dried, the specimen was sandwiched between two glass 
slides using araldite. 

Bor resistance measurements the schematic circuit 
diagram is shown in Figure 3»3« 

Bor high temperature measurements, the sample 
was introduced into an electrically heated furnace operated 
by a temperature controller circuit. The sample was 
placed in a metallic tube. 
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Por measurements "below room temperature, the 
set-up is shov«i in Figure 3.4. liquid nitrogen was taken 
in a 5 litre dev\^ar. The sample was kept in a glass tube 
about 1 metre long. The liquid nitrogen was kept in the 
dewar, at the base of which was kept a heating coil wound 
around mica. Different rates of evaporation of nitrogen 
were obtained by heating the coil. The evaporating 
nitrogen cooled the sample. Different rates of evaporation 
gave different steady temperatures. The circuit employed 
for resistance measurement v/as the same as that in 
Figure 3*3. 

3 .7 Sample Preparation for D.T.A. Analysis 

The glasses were powdered to 53 micron size. The 
powder v/as kept in a ceramic crucible . The analysis was 
made in the temperature range 0-1000°C. The rate of 
heating was 10°G/min. 



Alminum plate 



FIG. 3.1 SAMPLE HOLDER FOR RESISTIVITY MEASUREMENTS 





FIG. 3.2 SCHEMATIC CIRCUIT DIAGRAM FOR 
RESISTIVITY MEASUREMENT 




FIG.3.3 CIRCUIT DIAGRAM FOR RESISTIVITY 
MEASUREMENT WITH VTVM 







To circuit 



FIG. 3. 4 SETUP OF LOW TEMPERATURE RESISTIVITY 
MEASUREMENT 
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CHAPTER IV 


RESULTS 


4 .1 Resistivity Wleasurements on Glasses 

The Y-I characteristics of the glasses studied 
were obtained as linear plots. The resistances at each 


temperature 

were obtained 

as the slopes of 

these plots 

* 

The compositions 

studied 

are listed below in 


Table 4.1 and the glasses 

will be 

referred 

to by their 


numbers in 

this chapter. 





Table 4.1: 

Compositions 

(mole %) 

Glasses 

Studied 


Class No . 

SiOj 

®2^3 


Na^O 

K2O 

1 

60 

29 

9 

1 

1 

2 

60 

27 

-9 

3 

1 

3 

60 

25 

9 

5 

1 

4 

60 

23 

9 

7 

1 

5 

60 

20 

9 

10 

1 


The logarithm of resistivity as a function of inverse 
temperature of virgin glasses ho. 1, 3, 4 and 5, are^^ 

- ‘ . 47 m 






Acc. No- 
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plotted in Fii^iures 4.1, 4.2, 4.3 and 4.4 respectively. 

Class no. 1 was partially crystallised in preparation. 

Resistance measurements were taken from 100°C to 
400°C. Measurements were started at a temperature much 
hi|'_^her than room temperature to avoid effects due to 
absorption of moistures as bismuth glasses tend to absorb 
moisture rapidly. 

Resistivity plots of samples no. 1 and 3 (refer 
to Figure 4.1 and 4.2) show a peculiar behaviour. The plots 
are linear in the high temperature and low temperature 
rvongcs. In the middle temperature range the plot shows a dip. 
This could bo due to a structural change in the glassy 
phase of these glasses. The dip of glass sample no. 1 
occurs at roughly 270° this can be correlated to an 
endothermic peak obtained for this sample at around 310° 
in its DTA curve (Figure 4.15). 

Glasses no. 4 and 5 do not show any such dip» 

But are smooth over the entire temperature range (refer 
Figures 4.3 and 4.4). The curve for glass no. 4 shows a 
slight discontinuity at around 280° which can be corre- 
lated to an endothermic peak in its DTA curve (Figure 4.16) 


at around 280° . 
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The activation energies are calculated using the 
relationship 

o = . exp(- n) 

whore cr is the d»c. conductivity and E is the activation 
onorgy. These are ■ tabulated in Table 4.2. 

In the high temperature range the values indicate 
ionic conductivity. The activation energy is found to 
decrease with increase in sodium content of the glasses 
consistent with Stevel*s model of ionic conductivity. 

In the low temperature range however, the lov/ 
value of activation energy obtained in glasses no. 3 and 5 
is indicative of electronic conduction. Ueugebauer- 
and ’'/ebb have shovm that the activation energy for 
electron hopping between conducting islands with a diameter 
r is given by e /kr where e is the electronic charge and 
k is the dielectric constant of the surrounding medium. 
Assuming a value of k = 6 (23) the value of r calculated 
is r = 80 A. 

log ^ versus. 1/T for the crystallised glasses 
are plotted in Eigures 4.5, 4.6 and 4.7 for glasses no. 

2, 3 and 4 respectively. The heat treatments given 


were : 
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G-laaB ITo. Temperatuie , °C Hours 


2 

660 

12 

3 

666 

30 

4 

648 

12 


Tho activation onergies obtained for crystallised 
glasses no. 2 and 3 in the high temperature showed ionic 
conductivity . In glass no. 3 the plot obtained is linear 
throughout the temperature range and showed no decrease in 
activation energy with decrease in temperature. This is 
ascribed to some sort of hysteresis effect due to the 
heat treatment whereby the characteristics of conduction 
in the high temperature are retained in the low temperature 
range also. (see Table 4.2). 

4.2 X~Ray Diffraction Data < ■ 

Powder diffraction patterns for crystallised 
glasses no . 1 , 2 and 3 and virgin glasses no . 1 and 2 are 
plotted in figure 4-8. The pattern for the virgin 
glasses is fairly flat, indicating that the peaks obtained 
in the crystallised glasses are due to the crystallisation. 
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4«2 .s list of Activation Energies in the Glasses 
Studied 



' ■ ■■■ ■ 

! Activation energy 

(eV) 

Glass no . 

High 

temperature 

range 

Intermediate 

temperature 

range 

1 

J low 

{ temperature 
{ range 

1 

1.4 

0.86 


3 

0.72 

0.4 

0.13 

4 

0.57 

0.57 

- 

5 

0.41 

0.72 

0.13 

Crystallised 

glasses 




2 

0.78 

0.78 

- 

3 

0.70 

0.70 

- 

4 

- 

0.25 

- 


X-ray data obtained for crystallised glass no. 1 

was analysed for the d values to identify the crystalline 

phase. Predominant d values were correlated to d values 

of possible phases that could be present using the Davey 

Index in the Index to the Powder Diffraction Pile (ASTM) . 

The predominant d values of and 3 Bi 20 ^. 

5BoO^ were found to match with the d values obtained . 

2 3 
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2^2 synthetically prepared in the 
lab and its powder diffraction pattern taken . This is 
compared with the pattern of crystallised glass no. 1 in 
Figure 4.9 • The patterns aro found to match fairly well. 

The 'd' values of the crystallised glass 
specimen, those for synthetically prepared Bi20^.3B20^ and 
the 'd' values obtained by Levis and McDaniel (26) are 
compared in Table 6.8. They are found to compare , fairly 
v/ell. 


4 . 3 Desist ivitv Measurements on Bi2 0^ .3B 20^ Specimens. 

Two samples were prepared of Bi20^.3B20^ of the 
same composition and heat treatments in two separate 
batches. They will be referred to as sample no. 1 and 2. 

Figure 4.10 plots the OFF-state resistance 
characteristics of sample no. 1. For V less than 1 volt the 
characteristic is linear giving a resistance of 7 x 10^ ohm. 
Between 1 and 2.5 volts the sample shov/s unstable behaviour. 
At 2.5 volts the samplG switched to the OF-state . 

Figure 4.11 shows the OF-state characteristic 
of sample no. 1. The V-I plot is linear and the resis- 
tance obtained is 9.4 x 10^ ohms. 
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The loY/ temperature characteristics of this sample 
wore taken from room temperature to -100°C. The V-I plots 
obtained vrere linears and resistance values were calculated 
from the slopes. Figure 4.12 plots log of resistivity 
versus inverse temperatune for this sample. Resistivity 
is found to decrease with decrease in temperature except 
for a peak at around 0°G which can be due to some inherent 
instability in the sample . 

The TOR in the low temperature range is around 
•1 

1100 ppm°K“ which is about one-third the value of 
metallic bismuth. Hence some sort of metallic conductivity 
is indicated. 

OH-state characteristics for sample no. 2 were 
obtained in the temperature range 0-200°C. The V-I plot 
was linear only below 1 volt (Figure 4.13). Above that 
the plot was non-linear showing clec'i.rode effects. 
Resistivity values were obtained from the linear regions 
a.nd those are plotted in Figure 4.14. Hot much can be 
obtained from these plots because the resistivity values 
may not be very accurate due to the very small linear 
region of the plots. 



GLASS SAMPLE NO. 1 
60 Si02-29B203-9Bi20,-lNa70 
1 K 2 O 

PARTIALLY CRYSTALLISED 


1000/T rK" ) 

FIG.4.1 VARIATION OF RESISTIVITY WLTH INVERSE OF ABSO 
LUTE TEMPERATURE FOR GLASS NO. 1 








ABSOLUTE TEMPERATURE FOR GLASS NO. 4 



1000/T f 



RESISTIVITY ohm- cm 



1000/T( K ) 

FIG.4.5 VARIATION OF RESISTIVITY WITH INVERSE OF 
ABSOLUTE TEMPERATURE FOR CRYSTALLISED 
GLASS NO. 2 




RESISTIVfTY ohm- 



FIG. 4. 6 VARIATION OF RESISTIVITY WITH INVERSE 
OF ABSOLUTE TEMPERATURE FOR CRYS- 
TALLISED GLASS NO. 3 


RESISTIVITY 


Glass no 4 {crystallisi?d)60 Si 02 23 BoOj 
- 081203 : 7 Na 20 K 2 O heatad at 648°C FOR 12 HRS 



1000/T (°K~'). 


FIG. 4.7 VARIATION OF RESISTIVITY WITH INVERSE 
OF ABSOLUTE TEMPERATURE FOR CRYS- 
TALLISED GLASS NO. 4 
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CHAPTEE V 


COECLUSIOES AED PROPOSAXS POE PURTHER WORK 


The X-ray diffraction data obtained shows 
conclusively that the crystalline phase in the glass is a 
BigO^.BgO^ compound, Ihe exact role that this phase plays 
in the switching of the glass is difficult to say 
conclusively at this stage. 

The resistivity cheracteristic of this phase 
shows a switching of the same order of magnitude as the 
glass itself is found to show. That the crystalline phase 
itself is inherently switching indicate that it might act 
as a catalyst to the glass switching, but whether the 
precipitation of the phase itself causes switching is 
difficult to ascertain. Two factors which do not support 
the theory that the formation of a crystalline phase in 
the glassy matrix causes switching are 

(1) the fact that switching has been shown to occur in 
the glass at low temperatures. It is difficult to 
envisage a mechanism by which at such low temper- 
atures localised regions in the glass attain 
temperatures high enough for the formation of the 
crystalline phase (temporatuie ^ 600-700°C) . 



29 


(2) the switching time is 10 micro seconds. This time 
scorns to Tdg too small for the foimation of a stable 
crystalline phase. 


One possibility is that in localised positions 
in the glassy matrix, due to favourable conditions regions 
arp formed which have compositions very similar to the 
Bi20^.3B20^ phase, and electron hopping between these 
states gives rise to the OBP-state. The OB-state is 
obtained by formation of metallis bismuth filaments between 
these crystalline phases. What role the switching of the 
crystalline phase itself shows is difficult to show. The 
fact that the 312©^ phase shows metallic conduction 
supports this fact. 

Another possibility is that bismuth particles 
arc precipitated in the crystalline phase and the crystalline 
phase acts as an intermediate between the glassy phase 
and the bismuth phase i.c. the situation is a complicated 


three-phase situation. 


It is difficult at this stage to conclude exactly 

crystallisation .u. i„- 

what part L ' switching property 


of the glass . All that can be said is that the crysta- 
lllno phase idontifiod Itself shows interesting eleotrloal 



bvihaviour and may be an interesting system for further 
investigation. 

Proposals for further v/ork along this line are 

(1) detailed electrical characterisation of the crysta 
lline phase . 

(2) ..electron micrograph studies of the glass obtained 

by varying the temperature could show interesting 
aspects of the phase changes. It may be possible 
to identify the phase exactly which gives rise to 
the switching behaviour. 
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CHAPTER YI 
LIST OE TABLES 


Table 6 . 1 ; Resistivity Data of Glass Fo. 1 

603102 - 29 B 20 ^ - 9 Bi 20 j - 1 Fa 20 - IK 2 O (mole %) 
Thickness of specimen = 0 .I 4 cn 

Area of electrode = 0.9 cm^ 


Temperature, (°K) Resistivity (ehm-cm) 


484 

7.59 

X 

lo”"^ 

537 

8.04 

X 

10 ^ 

610 

3.22 

X 

10^0 

659 

1 .22 

X 

10 ^^ 

746 

2.66 

X 

1 . 0 ® 
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Table 6.2 ; Rosistivity 

Data for Glass lo. 3 

S 0 Si 02 - 253^0^ - 931^0^ - 53a20 - IK^O (nole %) 
Thickness of specimen = 0.15 cm 

p 

Electrode area = 1.2 cm 


Temperature , ( °K) 

Resist iTity (ohm-cm) 

417 

4.64 X 10® 

430 

1 .7 X 10® 

518 

5.5 X 10^ 

546 

2.46 X 10^ 

569 

5.08 X 10^ 

616 

9.6 X 10^^ 

648 

2.1 X 10^ 

685 

3.84 X 10® 
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Tnblo 6 . 3 » Resistivity Data of Glass Fo. 4 

60 Si 02 - 23 B 20 ^ - SBi^O^ - 7 Fa 20 - IK^O (mole fO 

Thickness of sariple = 0.14 on 

2 

Electrode area = 0.89 cii 


Teriporature ( °K) 


Resistivity (ohm-cni) 


468 

12 

1.67 X 10 

527 

10 

3.54 X 10 

561 

9.92 X 10 ^ 

596 

1 .5 X 10 ^ 

628 

5.47 X 10 ® 

671 

1.32 X 10 ® 

695 

1.48 X 10 ® 
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Resistivity Data for Glass Fo. 5 

60Si02 - 20B20^ - SBi^O^ - 10Fa20 - IK^O (mole fo) 

Thickness of sample = 0,14 cm 

Electrode area = 4.8 cm^ 

Temperature (°K) Resistivity (ohn-cm) 


396 

3.42 X 10^^ 

416 

Ip 

2.8 X 10 

447 

6.84 X lO^”* 

487 

1.98 X 10^° 

495 

2.05 X 10^ 

518 

1.8 X 10^ 

275 

5.34 X 10® 

309 

1.71 X 10® 

604 

7.87 X 10^ 

614 

5.13 X 10^ 

630 

3.11 X 10^ 

673 

1.02 X 10^^ 
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TnJolQ 6.5 ° Bcsistivity Data for Glass Fo. 2 Crystallised 

eoSiOg - 273^0^ - gBi^O^ ~ 3Fa20 - IK^O (nole %) 
treated at 660°C for 12 hours. 

Samplo thickness = 0.14 on 

— 9 

electrode area = 2.58 cn 


Temperature (°K) 

Resistivity (ohm-cm) 

452 

7.36 z 10® 

489 

2.36 z 10® 

534 

10 

2.63 z 10 

568 

10 

3.68 z 10 ^ 

598 

3.79 X 10^ 

631 

8.54 X 10^ 

656 

9.2 z 10® 

682 

11 z 10® 
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Table 6 .6 " Eosisti-vity Data for Glass Fo. 3 Crystallised 
at 660 °C for 30 hours 

603102 - 25 B 2 OJ - 9 Bi 20 ^ - 5 Wa 20 - IK 2 O (mole 


Thickness of sample 

Area of electrode 

= 0 . 1 5 cm 

= 3.3 cm^ 


Temperature 

(°K) 

EesistiYity 

( ohm-cn) 

464 


12 

12.3 X 10 '"^ 

504 


12 

5.5 X 10 

549 


8.58 X 

10 '’ 

588 


7.33 X 

10 ^° 

629 


2.13 X 

10 '° 

646 


1.97 X 

io''o 

677 


1.81 X 

10 '° 

689 


2,39 X 

10''° 
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Table 6 .7 ; Ee^istivity Data for Glass Fo. 4 Giystallised 
dt 648 °C for 12 hours 

603102 - 23B20^ - 9Bi20^ - 7Fa20 - IK 2 O (mole %) 

Thickness of specimen = 0.15 cm 

2 

Area of electrode = 1.3 cm 


Temperature (°K) 

Eesistivity (ohm-cm) 

464 

12 

2.32 X 10 

515 

12 

1.74 X 10 

543 

8.28 X 10^^ 

581 

1 1 

4.35 X 10 

619 

1.22 X 10^^ 

650 

11 

1 .3 X 10‘ 

683 

10 

5.73 X 10 
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Tablo 6.8 ; Oomparison of 'd’ Values Obtained in the X-ray 
Diffraction Pattern of 

(1) Glass sample no. 1. Crystallised at 700°C 
for 10 hours 

60Si02 - 29B2*^^ “ - IBa^O - 1X^0 (rAole %) 

(2) Synthetically prepared. Bi^O^ - 3 B 20 ^ 

(3) ’d’ values obtained by levin and McDaniel 
for the system. Bi^O^ - 3 B 20 ^ (26) 


d (A) of 

Glass Bo . 1 
crystallised 

d (A) of 
prepared sample 
BigO^ - 3B20^ 

d (A) 
of Bi 20 ^ 

obtained 

McDainel 

and I/Io 

- 3B20^ 
by levin and 

6.324 

6.4188 

6.25 

42 

- 

6.0320 

- 

- 

4.271 

4.271 

4.04 

78 

3.935 

3.899 

- 

- 

3.708 

3.619 

3.66 

33 

3.452 

3.452 

3.42 

20 

3.350 

3.303 

- 

- 

3.209 

3.255 

3.168 

100 

3.187 

3.187 

- 

- 




Continued . . . 
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Table 6.8 ( cent inued ) 


3.121 

3.10 

3.129 

22 

2.885 

2.849 

2.707 

15 

2 .656 

2.698 

2.691 

20 

2.536 

2.529 

- 

- 

2.368 

2.392 

2.497 

11 

2.211 

2.249 

2.087 

10 

- 

2.058 

2.076 

15 

- 

- 

2.053 

7 

1.973 

1.973 

1.987 

36 

- 

- 

1 .966 

18 

1.933 

1.957 

1.952 

10 

1 .896 

1 .873 

1.837 

33 

1.860 

1 .840 

- 

- 

1 .721 

1.746 

1 .746 

8 

- 

1 .664 

1 .602 

10 

1.585 

1.590 

1.590 • 

5 


- 

1 .586 

16 



1.544 

7 
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Tablu 6.9 ; Rosistivity Data for ^ 12^3 " 5B20^. 

SanplG no. 1. Low temperature measurement 

Thickness of specimen = 0.165 cm 

2 

Electrodo area = 1.65 cm 


Temperature ( °K) 


Resistivity (ohm-cn) 


293 7.5 X 10^ 

278 7.5 X lO-"^ 


257 

247 

229 

214 


7.5 X 10^ 
8.0 X 10^ 

6.6 X 10^ 

6.6 X 10^ 


6.3 X 10 ^ 


174 
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Table 6.10 ; Resistivity Data for Bi20^ -- 3B2^3 

Saraple no. 2. High tenperature neasuroraent 

2 

Electrode area = 1 .28 cn 

Sample thickness = 0.17 cm 


T enip e nature ( ° K ) 


Resistivity (ohn-cn) 


434 

4l0 

394 


2.39 X 10^ 

3.528 X 10^ 
3.03 X 10^ 
3.46 X 10^ 


369 
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